
if ~ n~il':~ ;!j j ~! Ul~~.~~sl UU~!~i~~H~ ~f 91:1 i
~t lltl! ':1 ~ i ! II f 11 ~ 111 il 1"11 11 , II I. (;'f I

!o( c:r'- - a.
1
·· '51: ii ~a

~... a ... ~_~O
t:l~ i £... 0' SC=' l [ "~ "to s • : ~:r lit ~ .,. 0 . h','., ..,.' '" _'.w. . ) L~.t:t 0 '. _,,~ . '. "- : i ~ ~ • ~ . ~ '9 . "" , .,W .,_ .," '" ','" '.,;!:. C't .." l'\ .~. _ ..... "<' . h .,.. . 'tilIb••~~~ '(f.;;'~'.(;~.'."'" ·v '{~I i_Ft.......'MUM .

I
i
i
i

§
io
~

5S
315
9

20,.
31"

MlxlmIW1l Jifntm... fMdlllloft.~'{)~ ft~'" m .....ot ......,.,
-.m In..... .

'-103 ~f11
FfICtVI'I'C)' (MU) C~ rr: IIl""C

OMII feB) S" Ii) '0'" ;00 10 16-'.0 2t)"1I> WIO 1DO" to I~e.>
ang" n ,~ 20' :w tOO" ,oW 180"
MgrMt)

q.510_ ...,..."..""_,,__..._~~ .....__..~ ... _~,,,,_ ..,..,. A t4,G twA .~"""" .. ",~.. 6 H ,. 11 20
9061.5 10 9IU __ ,_,,,,~,,,_,_,,._,,,,_,._,,,,,,.~,,_,,,.,_,,~ 8 20.0 HI" .1__......... _.............. e 1~ 13 ft
9IlI2 to teo ,.. "._.•._,__.__.___.~ .._.._. ___.._..._.._.~,....... A 1~ NI~

."'1___ .,
" ,. 11 l2'U

B m W" ••••_,.,...-1 .............. I9l •• e 10 13 1$
1,8150 to2,tlOOt ...~_••"_".~~ ...._,_.,, .... ""_,.... __._.,' A M HlA 1:2 tS 2f 25 29 33

....p e ao HlA e 18 20 20 25 21
3.roo 104.200 ..- .. - ....._._-" .. - .. ,,,._,....~~..,............~.. A NtA 3$ 23 29 S3 35 ~ 6$

8 HlA 3t :IC 2A 28 3t 32 32
5,..Q2S, til;)6,.EJT6 '0 fo ................... , ................... _I"H ..._~___"'_'....,. ..... ,I .... ~ A N.lA at 215 29 33 3S G 56

8 N/A 88 20 ~ 29 32 35 38
6.6QS 106.676" ...~"_.......~,, ....~~_ .• ,_~.__..u.,,_ ...·~_ A t.S tVA 2tS 29 ~ 34 38 .1

B 2.0 WI. 2. Z5 19 3t as Sf
lO~ lQ 10,«10'. __" •.•_....• _ .................... - .........~". A 3.4 34 20 24 28 32 35 55

a 3A :J.4 20 24 28 $2 3S 35
'~w 10.eI6'" .. -.-...._.__ .~_ .. ,_ .•. - .. .., .......... Nfll 3eO NI~ ~A HIll NlA NlA NlA filA ~
;0,630 to 10'- _,~.•___..."..__.__ ._ .• _ ... .- ... ,,"" Nt... NlA J4 20 24 28 :u 35 36
10,700 to 11.100'" ....... ,'", •._._......" ..................... __ '.' A NlA 38 Z$ 29 3:J 318 0 66

e WA 38 20 24 2't 32 as 38
f2;JOO IlO 13,:i!60" .•~, .•._ ••_".-._.__,_......." ....._ ... _.... II 1.0 N1A 23 28 :l5 3i .t -42

8 2.0 /iliA 20 25 2a so 32 37
t7.TOOIo 19)OO~ _~_~. __ ........ _ .... _. __ ._..... _._._._._ ...... A. HlA 343 25 ~ 33 M 42 55

8 MIA ae 20 24 28 ~ 3S 36
~',200 tQ 23,El))" ..... - ..... - .. ' .._-"..- ..._ .. "~--'-'. '.- A HlA 38 25 29 3) 30 42 M

8 NtA 3e 20 2. 28 8:2 as 3S
31.!JOO to 3'1,301)1" .,........ ,_,_~_... _•••. "._.__......... N1A 04.0 38 NlA Nt" HlA fofPt WA NlA ~
:lo9.000 to 40,0)() _••" ...._..."".• _,_. __...._ .... _..~k..........._ A Nt'" 38 25 ~ 33 8t'I C2 611

B IIIIA )8 20 24 23 32 35 38

ANTeHNA STANDARDS

tn

""(Jl

,~ bf~ 1111., In s.ec.. 94.66<-)11), wile.... IlfIInldItet1kJnaJ an1eflnu may~ used.
lExe4P b 2.f~'60 NIb, ... til. flII8JdrftUftt~ II360~ ..
~~a~for In te'allIIDh (h) d fils Mdon. "
•~ (INd II~ etttron••~ 01 • oearal P'deQf~ allnn 5)ltfm nHd <lOt\fomI \0 crly IhtllollooMno 2~ (I) Th. mlnlrnlln~ fonIeI'ct gUl ,.,.,. be. ,...

to 1,8, end (1) ltft mInImUn~ t1IIO IlM.lS1 tit at11l8llf 20 dO.
It~ ... jlIwIdIlI In 5MBI.
~ E#J8Pl bten.......... r......rwIOI·MIt In Ite blwId lawJ '-'Hz:-13l.5O MHJ • ~ poNtI$ ,. 1ft..~ rrNi 8fId liD~ iI §94.9O.
711M mrnm.m~ riIIIO b. 38 dfI.
81Mtl11e.~~ rnctlIIiI, ttaIlOna Ned fIOt~ wlIh ,.,.~
• EJMpC for ..~""""" t«) _ lind '60~ aLl1horlz.ld Of peII-nv Qn JIlntJI!JtY t. \9a9 lor 'fIf1lCll mWmun rl<Jatan ..."".... to~~~ frtIm QlII1\tdne Of

Nil -.m Is sa deI:I*t.
lG1'heN 1I'ItlIRnI 1l1pfIfy eo ellpoil~ SUtb'lS tull'laUfd 1Ihr.AIM I. 1~. EIds6tIg IbmHes enJ ,*",111"~ al "'Ill det~.~.,.._ notId not 0'Jl'I'l0

ply ....,'"*" tlIlt4uit WI to II~~.. statbPa UhOdtiId on Of CMI((ft J\Ine 1.1997.
,~~~ IIj:lplY rnt k> I»gIII T8I"lftlnt1bn Uw~ llctnsed, In~, Of 8IfJlI8d Iaf prQ to Mt is. '993.

~

l
~



Microwave
Communication

George M. Kizer

IOWA STATE UNIVERSITY PRESSfAMES



-621

Table 11-3. Typical copper corrugated elliptical waveguide 108s.

Fnqu8Dl!Y (GHI:) Wa.veguida Type Lol!l~

dB/lOO In dBIlOO :ft.

1.9 EW20 2.0 O.CO
2.1 EW20 1.'7 0.62
2.2 EW20 1.G 0.49
2.4 EW20 L5 0,45
2.5 EW20 1.4 0.44
2.6 EW20 1.4 0.43
3.7 EWS7 8.1 0.94
3.9 EW87 2.9 0.87
4.0 EW37 2.8 0.85
4.7 EW44 4'() 1.2

Table 11-2. Typical worst-caae commercial parabolic &nunna gain
(dB r.lative to Isotropic radiator)• lr 1.

Diameter m (1\) 0.6(.2) 1.Z(4) 1.8(6) 2.4(8) 3.0(0) 3.7(12) 4.6(15)

Frequency (Glh) ~

1.9 - 26.0 28.6 81.0 82.9 34.5 36.4
2.1 - 25.8 29.8 31.9 33.8 35.4 37.S

--... 2.2 - 26.3 29.3 32.% 34.2 35.7 37.6
2.4 - 27.2 30.9 88.8 35.2 86.9 -
2..6 - - 81.0 a3.6 - - -
2.6 - 21.9 81.1 33.6 35.4 37.4 -
3.7 - - -- 36.8 38.8 40.4 42.3
3.9 - - - 36.8 38.8 40.4 42.8
4.0 - :n.4 34.9 S7.a 89.0 41.0 42.7
4.7 - 39.0 :lOA 38.9 40.8 42.4 44.3
5.9 - - - - 42.9 44.5 -
6-.2 - 35.0 38.5 41.8 48.1 44.8 46.4
6.8 - 86.0 39.4 42.0 43.8 4G.4 46.9
1.4 - 36.5 40.0 42.1> 44.5 46.0 47.7
8.0 - 37.1 40.7 43.8 45.2 46.7 48.6
8.1 - 37.2 40.8 48.3 40.2 46.7 4$.6
8.4 - - 41.0 4.3.5 4.5.4 47.0 48.8

10.6 34.1 39.6 43.1 - - - -
112 34.5 40.5 44.0 40.4 47.8 49.8 Sl.8
12.6 35.4 40.7 44.8 47.3 48.6 &0.6 5.1.6
12.7 3SJj 40.8 45.1 47.6 48.8 50.9 61.9
13.0 36.6 41.0 45.1 47.6 4S.8 ro.9 -
14.9 36.6 42.0 46.1 48.S 60.Ii - -
18.1 38.6 44.7 - - - - -
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CJ1 ntioI for 6reIbold depdation aec*D -1McIiBa tiDce Ibey Mqaft the utaof'usamecl wlues
CorncdveaiInIlleveI. _ fide mqiD. WheA the fade m8]iD recptcd fortbe desited pathrdiabiJity (outaJe)
is limited by tbemW noite. •~ suitable Ippiadi is _ stipulation or the mmcimwn I110wable mtafr.riDg
stpl 1eft1. lhraIdddt.pIIticm~,...primIt1Iy in the cIflInldIdon ofthe~pndieal
dnIbol4wbicll~D ...<-.> poiM. IaJIM-FDM., 'I It, ...tinlW~"..n,~ a that
f81W.RF carierlwd kpl'OlMwalitSIN0130. ill the 'MfttYOiccchaaIel ru: FM-Video~ this
dialdc1 is cIcfiDed1S1batttl cmiet level tbat produce&. 37 dB~peak In :X:'·ll..a lipal to IUS Mise
ratiO WUb BtA.~ III. ..PM~ 1bapoItdeIecdaD SII or SIN (1Il.l&~:ge cbamld« across 1be
vifeo~ is perUp 10-20 dB luprtba tile iIlput CII orON in the UJIF bandwidth. A# III .'mple.
meSII (orSIN) indlctop (2,540lcH:) 3.1 kH2 VFdImDel in a 600 chBDDf.llink deviated ~)40 kHz R.MS (:1:200
kHz peale) with • 10 MHzIF blDdwidth is

f(~) g ; (~) • lO~( ;)' •10_( 2~.,) •~
. E..(£) • lO _ (E..)': 10 1al(~) .."0 (2.S.4-l)

J H. 1.$4 3><.).1

II! f(~) •14.0. 4B ("pIIl '" /ItIt __ r.)

-:t:~ re.I- t z.
For (£"4.2MHr.. Af"':l:4M&pc;ak).GDdothcrDDD-IDU1tipl~. non..maQSoi4al~and
sipaJs lib JBdar (~ee Anna C),

H~l · ~ (~) ·10'"(+f) ·10"'( :~) •(~.... · ",«/,dog )
p-p

+--
1fMS

;(~) •10 loB ( ~[4~2r) + 101og(~) .. 9~ + 6.1

B.. = VF chaanel blnblDd, kHz
an. = IF blDdMdtb. MHz orkHz
Af '"' peakper.-cbane1deviltion. kHz

;; peak video devtlDoo.. MHz
f "= VF clllml1Cl~. kHz

:= vidl:obaDdwidtb. MHz
] 0:: in.band i=tfau= level,. dBm

N - in-bmd thermal naise ~el dBm
COt ~1l4+ IOloS<~)+ NF

NF noise6~. dB

(2.5.4-2)
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SiaUIr~ dr.rM ... Sl.l(SIN) for Iiab with oll1cr PlllUidas (bBhridab. dcviatiom. ftt;.). ~

AImeaI A (FM-FDM> SlId C (PM-Video) cunrec demle CIt c:ritcrIa to meet~SIt objectives fix dz c;o.lI1d ')
.."'~CDCIicliDllicuotWsdm.md iollCl~ FM S)'IICIU widl bclIh 1rimiJU' aacldillimilar beact.Dd
IDd PM mcddaDon d2aradeI istks. .

1'be foIIoMDJetfIIIiaD..,beBdtoestlJblilb Ib8JD1rinun irIa1ering sipaflcwc1 tor~RCeifCl"
tbrcrboIcl dcp1Idatioa in PM-PI)M IIICl FM-VidIo .... Short. D<»-fadiag. cd otbe: hops with hiP~
sipallf:wods will..JdBbcr in1Irlcrmcc1cvcIs eDd COIItiDue to meet performa1lco (UDfaded noise. &e marziu,
IDd ottt.qe) objdWlS.

(1.5.4-3)

wbcn::
1.- - maximum inIGrfc;ring signA!~. dBm

R. 0= recciYer thrcsbotet dBm
F. ... tbc dB......'"bc&woa1 thc:opcntiog Cede margin md that required to meet the

0lIIIpobjectiYe, cIB
s. • ~~oftho victim JO:eivc:r to the interferias sigul,. dB

(0 == inI=!aiDg signal hq\te:D;y at whi~h S. is dc5ncd

Efrective ,elccci-rily (iu cIB) is suppliod bychc etpipm=! manufa.dma and is mainly a fimeticxl of lbc
IF 511a- bmdwidI:b(s). fa}*tieular. threshold~on IFfiJ~ .eleetivity ill some FM...FDM~C8I1

bne 8 substmlial pcejdyc. cffc;t 011 scmi-lldjlCCOl lad adjlCCDt cbmmcI ~ce.. Howewr. threshold
mmsioq (DII2VWCr) IF filters cauId~8CDJitivily to Cl)<bllDnel~ by lowering the t!lre8boJdof....-~=ed:t~··c<bien .. ?V
u.s. ('~_~tDyictimcljgitalmtppa

Tho primluyia..c..ce OQDIIdratiOD for dieiUl vietim~ is tlveshold degrac:bdicm because
~iIDOtaf&ni'-tly.....,.the__.ipaI levd is more than IIbout 10 dB Jthove III oaaae
(10-' BBIl) th:re:sboJd. 1be iuIlIIt£aeaaee efrec:tt .,.priauriy reJIted to the total power oftbe aaaJo, or ctitiW
u.terfeteDce taUiDC into mediIital IU'er'S .DOisIl= ("badd-nte") bandwichhndlcr Ibm to its spectral sbap&or
mocNldioalltwe. Mastdip8IS)'\Items employdata~ n:emeration It each hop to prevCllt aD. accumulation
oliab::daeuce lad specIrUIIl disIDrtioa (disperaioa) e&cts. For this reason, it is possible to eonsider the effeI:u
ofmcaiU:mce scparatdy fOe each liJit,aI bop regadless ofwhether it is part ofa long.haul or short.-haul I)'Itml.

PreviOU$ w::rsims of this Bulletin aclcIRssed ~011 only in tM Pri'fate Operational-Fixed
Microwave. Service b.... A3 of D!tlmber 1993, PCC ET Docker 92-9 n>channe1iu:d all of the fixaI
microwave bands Uld opeaed them Ie both prMIe IDd c:cJIJJZID! canicr U!I:rS_ Prior to this~ slidJtly
diSienot ~cabIJetic:lftS.....eused foreoordiDlIioD in theaxnmon carrier and. privaremia'OWlVe bIDds.
1tl ords'to aeeot'nJ'JIOCII thse chnges. dis WIIian aftbcBuH«inpnMdes ID.llpproacb which mcdiares bolweea
the p~OlUmetbods. nJs barmani:ud 8JJPI1*:b end its Jdlllion to tbc prmous methods is ~ibcd ia tbi3
netiDl1. SiDee available infarmadoa ClI1 mstibg system! is DOt su1ftcieat to lI1low lOY of~ I11Gthods to~
applied to aU the situ&ricms that can arise in praaice. 8 setofdefimJt c.alalladons is provided in AJmcx a

Mere~ UV'MI liQiEs ofiDtedbo::cdJi:ds CID be made when epproprietc iIlfonnation is obtaiDcd
&em thccquipmcftt mllllUfitcturers_ A discussian oftbc possible form oflhis int'onua6OD BOd iu applieation is
- Biven iIl.Amex:8. tJrd I'he form 8Dd appJic:arion oflhis1nfGraultioo 15 agreed to by the user cammunity md
the i.n!ormation. is mdIablc. the method described be10w mould be used wha-e possible; otherwise ODe or the
defaUlt procedures in. Annex B can be \lsed..
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SiIlIliIaP MJIIIIU'*- derive 1M SI1(SIN) fa IiDb with oll1cr PIIlWdI:Is~ deviriom. eki.). 1bc
AImenI A (JiM-roM) IDd C(PM.VicIID) curves~ CIl aftt:rilto IDtt1 th~SII objccdva fir tbr; c;g.1Dd. )
lIi.,ftlf-dumad~otvictim IDd iolafaiQIFM sy1tCIDa widl both aimilU'atdi.linYlar bueblDd
IDd PMlD(IdIdation c:bmderistic!.

The WowiDa:.....-ybeIBdlDesteNirb lbamaxinun iIIafering sipall~c1 tor~ rec:encrr
lbrcsboIcl depcIatioa in PM-PDM -.FM-Vicilo WaI. Short. ~&dia& md othsr hops wiihbiIb~
sipallt:9dJ will a:a:ptbiIb:r iaJ.r.rfcmIcc Icvds ead CIOIIIiDue to meet perCormaDcc (UD&ded noiso. &do IDII'IiD.
aDd outage) objeeti.ves.

(2.5.4-3)

r-. ;;; IJlI:XiDaml~IP~QBm
R. Ie: I1lCl:iYertJRsbold,. dBm.
F. ... rbc diflaUDCebc&wDea~opcntiog tack margin md that mquired to meet the

OdIIp.~dB

S. • ~~ ofthe victim recei'llCf tJ) the iDterterias sjgaaI., dB
(fj <= inb:rfetiDgsignal~ at wbic;h S. is ddined

J!8'ednte ,eleeci\'ily (ill cIll) iI supplied by the eq"IIipm=1~ and is mainly a fuDt:tiarl of !he
IF' filea- beodwicIlb(s). mparticular. threshold exteIlsion IF filtoriDa .e1eetivity in somo FM-FDM receiva's can
haft 8 subs£mtial poeidvc~ QD sem,j·lIlij-=ot and tdjaceDt c:bmocI ~ce. However. tbmhoJd
.......ska (JLmUWcr) IF mIlD caakI~ 8CDIitivily to eo-cbllDDei~ by lowc:ring the tlnlboldof....-~:::;e ...T<r<.c< ::::St<rr.. "'" '!:)
UJ. ("~_adat&4eoyictimd;t8i mtelPY

Tho prUD.syia~ClODRidentioa for diaiW vietim~ is tlueahold. degracbdiOl1 because
ped'onaaDoc 0aot~ l6aDd__the decired aipal level is more than about 10 dB 8bmIe IrI ourqe
(10'" BBIl) threshold. The iata£aebee~ '"primlriy reJlled to the total power ofthe analo, ordiaiW
iIltedftDcc talIiDC iDto thectiIitm nccitel'S .DOise (Hbaud-nIe"') bImdwid!b.ntha' !baD to its spectral tGap&0I'
mocUatiGa1)p. Most cfi&itaI S)'ttImU employ dati.~ rqrae:raEion It each hop to pm'ca.t 8IlltQlll1U}atioo
oCiulaie_a lAd spedrUID cIi!lIDnian (diIpeniaD) efreeU. For this reMOn, itu possibl~ to eob!idti" tkeff«u
ofiarufi::lclJce scparafdy for eacbliJiteIboprogudJess ofwbether it is part ofa long.haul or shon.-haul~

Previous versiClllS of tbis Bulletin addressec1~OD ooJy in the Private OpcntioDll-FixCld
Microwave Service b.... A3 of Der.ember 1993. FCC E1' Decker 92·9 m.channelizt:d all of the fixa:I
microwave bBDds uacl opeaed them to both pnvce IDd CDII1ZIK1l'l canicr users. Prior to this lKition. sli&1Jt1y
cli.&reDt inIerfa~ cateWeticN were UJed ftrmordinJIiaD in the axmnon carrier and pr1vare miCfOWllYe bIDds.
hi order to~ these chJD8llSr dis w.mic:m afthcBullaprovides an IIpproaoh which mcdi"!tS botwooa
the previou.r melbod$. 'Thl! bIrmoni7l1l1)JJJR>1dJ eod its rcllIion to tbc prmous methods is dcxtibcd. ir1 tbi3
£eCl!iDll. Sillce available informadm CIQ exiJtiag aystem! is DOt sutftciQ1t to allow IIDY of ibcsc IDCfbocb 10~
applied Ul aU the situarioJls that can arise in pnt;tic.e.. 8 Il:tofdefault calculations is provided. in AJmcx a

Mere II:IaIrIte 1SStW'PCUISafiDtt:xtQCiUdlids am be made wben APpropriate iDfonnation is obtained
ficm thcequipml:Dt maouf.8ctutets. A disaIssiaD oftbc possible form ofthis infonnation and itS application u;
abogiven in Ame:Jt B. lJdil die form aDd appJicaIion offhisinfGranltioo is agJU.d to by the user CXJIDDlIInit)' and
the iDbm.tiOl1 is lTaiIable. tbc method dtsc:ribed below dlould be used where possible~ othetwise one or the
default~ in.Annex B can be \IBCld..
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TIA BaDetin 10-1" ._.2
(

The effect of Dartiaeaee OD. we ~iIdett:nniDed &am the t.braboJcko..ialaAUilJCZ
(T1l)1IIiowbi&!h.pevidII6e_ ol••~ tM itivityof. victiID IWaivc to ID...... Tk...
(.aoNiIdiag)dndtoId (l)of. diIitIJnooiwr iIde&aecI. fer,... afiah:dcnace(T1l)~. a tNt
.....'y f'8ded (with ) NICM__ »ftl that pladucea I BitEnor :Rate (BBR) of 104, Til.
da6I:d. dllrJldoot OtJ48BIQ to ........ (iDtArftIiD&) Iipa1~ Ibat.....dDt tbRAaoId by
1 dB, The 10"' dJtumie(~) dndloId iIcmsu.ly~I dB "r dUsI"oliatllld'oaecM.

-<

'Ik advuft.1leC of Til Ita Wt are difk_ ill~ _ to bit~ IJIOduIIIioIl teelJnique
(anasmi8sioa.~). c:odiIe pm - DOite1ipft:.~ an tUm imo talOIl8t, IJw the *oIIItc l8W:l or
allowable iuIa&rCll'Xi CID be aaiIJ dttiu:ia:d. byIU~abe TIL ratio ftom tlle l(J4"e tInUoId of•
plr'ticulu digital n:a::iva. md thal lID~ CIfI be verified ill service without~ 1rUIic.
HO'WCYer. in my ae::tual dtatioa. tile vahle of Til .,.,. prim.a.riI)o Oft til. 'Yietim '.In.·. IDW
(RPJU'lbasebllDd) seleetivity (bmcIwidlh). the iDtsfering sipal's RF specttam bandwidth. aud the separatioD
botwocP their CCUIcr' hcqueDcics.

The mc:asuremeut atTil for a digital radio Is accomplished by fading the Neeivet to the point Mxrc a
l~BER i&~ an. the I.iak 1'he~ level is then increaIe4 1 dB aDd interfennaemj~UIltiIa BEll of
1()4iI apin aehi~on tbcliDk. Thendo of..idial (l~BEl) powc:rleve1 oftbe desired received tipaJ
to tIao iIdI=rfc:rcacc power. as JDealII'Cd. is the Til ndo. Note 1bat~ value may"VlS"f for diffc:nnf~,
e&pcda11y it1ho hm::i1lIIhtgaip1 i.'l o1D«1lan IllVU'bas a sprt:trDiU wider thm the W:dmreceiver'. ba6width.

In prineiple, oat WOlilii need to kaow the Til as a fwction of fn:quency separation for all poc!ibte
iak:diIIas mr.o a dipa1 raver. SHamples ofsuchaTn QUYC. which sbBlJ be des:ipated as TJ.,(fJ to~
itsdql~ cocbcspeci&Dec'ta4ji1fidS eaddlehqueacy scpll'll:ic:m,. is shown in figure B-3. WIUleit would
be desirablo to require amaauflcturcr copnwidc~ TilC~ for aD pas$i"ble intederm aDd sepmUoas
into each~ofvi~ rccei~. such~t is clearly imprattiQI.

A specific Til~ clotcnaiaod &om~ IhoaJd aJMt)'S be used tar coordinldOD with a
specific int«ferer if it is evai1eb1e. 1£one is not~1e, the proc:cdurc described in Annex B should be used
co develop the specific Til curve..

Te-r4 • T, - TIoV) - U&4. (2.5.5.1)

when
T.

n.., ""
£.i -

MEA
BWv -

BWI

static~dpower for lQ4 BElt, dBm
specific Til~ dB
separation of iuklfc:cc:nu:. and ra:civer center frequenci es
multiple QPOS\U'C~ dB
RF clumnel baodwicllb ohictiDl. reeciver, MHz
RF charmel bandwidfh ofinb:rfeu:r, MHz
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...

MEA. thclllU11ipJe apoIlft~ is irf -ad 110 ICClOUIIt for the 1UIb..daay ill ...bmcr
QlWDODC8Irierbadt -.I Cot maltiple~ ........,GIqIOIm.. ill* mixcd~ tnqaaacy
plaIDtbIIa.d 1liDpIed ill Dec mhla: 1993 by FCCBT Docket 92-9. There i& point
........tblta 5dB MEA. to be used. Hownu,.fw1her...,. .. to the uppa IcMl otMBA is aacdecItiJa
M!A Jevoe1BeMlereats'dim5 dBmaybewppropc_ illCICItIpNdames ciaoCo.bigh« probability oCamkiple
exponrer.

Tbe.~JeIU1tJ em abo bo expMCd in t:crms of the ratio of W>~ cmic:r power to the
iDtCrrcrc:u.ce power. wbicb is IAIIIy "*1«1 to u the en.. The CIf.,~ _ ) a ~ins1e spocific iDtafll:M
sepllllt4 in~by t... Mddbesma tI5'

CfJ '" C - T, .. TI".
(2.5,5-3)

It is wonhnotiagtbr~that inEZ" 'tU'U!ll carrier bads prior to 1994, fiequeacy ClOOrdiDatiaa.
was bescd OIl meeting CII obicctiges.which in the presmt termino1oty \1IOUlcl be writtftl u

(ell)eli ;;;: TJiM.... Tl" ... M'EIt <Z.5.54)

n.dl6ultswic tbenDIl &deargiQs indB at 10"" BBR.upon Wbicb. these high alob~were based were
1i= CoUawiug: 3S (2 GHz>. 40 (6D4 18 GIh).45 (11 ad 136Hz).

~ Digital microwmfidemgins

The eompocitc lack.... (CFM) of. dililal~ IitIk. descn"'becl in Seetian 4.2.3, ill • mea
compla parllDCb:r daD the tbarmaI fide ... for lDI10g rIdio JiDks. UnliG malog links IIffecald by
~ duriaB JIOD..fIdiaI periods. iDWfcraIco IDd spcr:ttI1 cIisCortiou effecu~ aroutine aDd aocqqble
pan: ofthe t'ligital ndi~ ecmIpOIdeWo"CIIdcu1&tion u.socl in om.age (path rc:IUsbility) wculwtians.

CFM is OM f6the pia.....BDCiOCNIJY toCCIIIII"*1hc c:rLJlCCU'd 00. em ~ given hop. WbeA the CJI
~ is Dot JDCt,. ioterfa'aK::cdeJrades 1baaM wtRb increues lUIk 0\J1ICC.~.in~ Iems
eveu 1-10 dB« men above the 1dB tbMhoIcl cleendatioacbjective..~~e011 aborta" or other
nan-fIdiAg digital patMt.porfo~it DOt~ dl'car:d.

staiOu 4.2 of Ibis BuUetiIt, "Pcrfarm.lmcc AI • CoordiPIIEicm Criu::rion illV~ MiGl'OWllVC LiDks".
~ODCpoaibledatippnx:ecbefhlltcould beuscd to detamiDe these higher~~~l~ into digital
mic.!owIlve. receivers 0Il1bort and other low !ado activity hop, lind into VQ')' short-haul routes.

2 . l2





Seafon4

d=tboId~ .iulpcdiag..,aoautI8C time is fltdy the dominant interferenee eriteriOll izlto • victim FM- (
PDM or PM..Video lDalog ndio 1iDk.

DigiW microwaw liIIt perfamaIace'" ica path reliability (aaauaJ ouwse) wi cplily (B8ll1~
peICeIll aror-h JeCClDdJ) chIractaiIt:ieI chIriDI aYlilable periods. AcIialI.Il mi«owave ImIc: • eoaIidcrDcl iD
& fiJiJcd.arD'6cfi1oorDn,... diu....... for~pectietion or verificaticxvft= ad thea
jrrJudiq a lOosa::oad.dar:Idan outtaeewIIt Sneh IoDa.cerm..p 0Yeats Inursecc;c:ptablc w roostunrs.l:be
sin&Je exception bdu pn'Jdict.IbJe r*ft~ .noe.tod to~,.-.de~ meatJpOlitaD area. md CJtber hish­
&oq1lCQC)' (above 10 GHz) IiDb. A disasiaa of RiD outage IDd other fldon affectinghisb-~
~ liM ay.biI~U lu Scdion 4.4 oC1bis Bulletin.

lzIrcdelllllJCC usuaDy impcU 1CJOIloaIy b pG l'diIbiIity (1IIINIIIhor·· teD...t -~~>. oot the quality DOt
the anilabiJily,or.pIOJAdycbipcddiPal wic::auwlNC ndio link. The Narc ~";.Mtl.:,"WataDdltd for t\1fO...,.
~ tnm1cC(av~ (0D00l~ illCbiI CI'JIIIC;U. bodl sbort.u:nc WId 1ol.i..,~l2l'Bl ouuae nc:ntI) CWCl[

either a sboct-lw.d (to -tOO bn. I 250 ma1 or kIDg.uw (ro 6.400 tin I 4.000 lD1) t:i;..'te is 99.9tm (0.02%
dowutiwe). ODe lWri; t1JocIapd to Jaq.tamuMVai1Ibi1ity evcms (rain 011"~c:Dt failuro, power fad~).
the other halt(0.01%) to two-Wilf~multipeb fade outage ~cots d1us cfcrtving the 0.005% or 1,600
sedyr~wayoutasaobj~ Cot tbetc 1or.lgtr routes.

~~Qbja;ti-.c1i:rstJrS)'aCmSand oCberftly sbort-haul (<400 bD/2S0 mi) syll1ems with fewer
th8Q about 10 t.aDdem hopa iso&:n. rdaxtd to 99.999% F hQp.

AlsunUDgIbat caIyWoftbo6•.fOO 1cm14,000.bg.hnI. but III ofthc: 400 Jan 12.s0"mi~
mic:towave pldbs~ fadira&~Clllle>"way~outap objottivcs may beccmpated as O.S a«Jk:mlyr (O.S
serImiIyr) in all orpartof.laos'" systa:Js_4 cecI1cmIyr (6.4 w:/rJiVyr) in D1l 01" pan of G sbort-hBull)'Jtr:Dt (

AAmtage ill.dipl~1iDkis~aUy~ IS. 10" BBR.~-e:mnd sealDd
(SiS) INI!Dt thatcoiDcide8 doa!Iy10..oua-of"",- COOp) or lOA or~ condition. in dowustream
aUciplexers. This CCft"eSpODds to 6e 0dB SIN ntio worst IDCSAF cbaNld mute (o:c::Age) point in IDOIt PM..
FDM analog IIl1crowavendic' . 'Iha, disital mictoWlI\IO radios~~q two tbRabolds: the
~l~BBR. • poiDt to whioh 11at aad iDIorlc:rcacc sm=~mll'l:,..'l.'J are mcamred dlIriDg
co~ _ ~ I with attawaCiOn). md tbe 10-' ~tt Jt8g, ,JOint (in a bands-oft'
dynmUc fade emriromDmt) b'CFM IDd alb oua,e ca1culabcms and ~;;":"A_~. .<$.

(,,-e. , '1' [" te d

Section 2.0 oftbis Bulletin addrtssed the questic:ID ~How much interfc:Rnce can. the victim receiver
toler. bcf'oR:~ is IIIIat.CeptIbly c:Iep'Ided?" Altboup per-exposuR iDtcrfteot" cria:rie~
provided in Section 2.5 for loag.bMIl lid cbotWltulllWoS ADd disital zW.cmwave 1'OUtCa. FCC Rules .,g
R.cgulA1i0JU inkDt OD d6cic0t&pedlUbl ldiDtim aIlDw tdfft to mutuaUy epee oa Ic:uet criteria, tar eumplc
iDto shorter routes into links witb low fide at:tivity. inlo links scheduled for deMnxnissioniAg oc upgrade. and.
into olda. nofsier~systr.ms..

Iub:rfm:ncc. wbic:h~ the qu8litY (maloc liDk noise, cli8itallink BER) and path rdiabiJity (more
-=ual outaF) iD:apQoepdbly to boaviIy in IlUCI'09IIlVe~. should DOt impact upon the user's stated
pcrfOl'J'nJlnOC objectives if proper criteria bli1ar1::d tD the victim 1in1c are usigfted.



Setdon4

1i=Ibol4dqrDIion iJIIp&rioJ~ou.tA8C time is nrdy the dominant interf~ eritl!l'iOll izlto a vic.tUn FM- (
PDM: or FM·Vick:o maJogradio link.

Digital micrownc liat perfcmuDce do6aeI ill pIdJ. rcliabiliry (aaaual outJie) and quaIiIy (BBlll,
peICa1t crror-h secaadI) dIIractcriItict dwia& awilabkperiods. A4iIlIal mitrowave Iiak if«=Iidcnd in
al1libior Ir11IicdisclOl.-s.....Ihu -.v1illlU for~O! pRdiction or verificatiorvftu a4 tbc:D
iRdMg al~duradoa out.I.P evat. Socii JoDs.t8nD outase eveD:I$lIR uaecc:eptable to mostusers. the
single exception beinJ pmfictable tAift~~ to "'Ioc..l pU" lDeUopolifa area aDd otbIr hisb­
ttCC(DCQqr (above 10 GHz) 1iDb. A clisQJssiaa of raiD outage aDd other flCtors alrecting bisb--~
microwave &It anilabilky is iIJ SCctioD 4.4 oCdds BaUetJn..

~UIUlIIyimpICCI-.xmoaly b pD rdJIbiIity (tIIDUIl thOlt-ta:m outa&e>' not the quality DOl

the~.or.propdycbipdditital wiaowavcndio link. The NOI1h AmericaD.tanelatd for two-way
_~ traraIc:C(av~(~i"itl& izldUacaalRt..both abort-term ad lonB·rerm outaae e.1JCIltI) over
either a sboct-hauI (to 400 bn' 250 m&) or loDg..uut (to 6.400 bn 14.000 mi) route is 99.98% (0.02%
~). ODe baJf'is I1Ioe*d ro Joq.tt.nn~ evaJI! (ninou~~altfmlure, power fadc::s).
the other halt(0.0 1%) to two-way tIJon.tirm multipllb fade outage events dills dcriviDg the 0.005% or 1.600
sedyr~wsyoutapob;j~frt tbete lClQStf rootts.

l'hc~cbjeaiw; irmrS)'lfemS aDd oCber\'Cly short-haul (<400 kml2S0 mi) sy!ltems with fewer
th&Q.bout 10 laDdeftl hop, is oftc:D. rdsnd to 99.999% pc!"hQp.

AssumiDB thataiyhal(ofCbo',-400 km 14.000mi bg-bw1, but aU oftbt 400 Jan 12S0'mi shoJt..bauJ.
microwave paths~ facliag. the oae-way~ou&age objectives may be c:anpatcd as 0.5 secJkmlyr (0.8
s«JmiIyr) in all or partofaloag-beulIY*m" 4~(6.4~) in all orpm of 11 short-bBul symm. (

.AA 0IJta8e in a difit.al miaowave liak is~ dofincd IS & I~ BER. SCM'.le1y-enom:t seoxuI
(SES) eveat. thAtcoiDcidM do8eIylo.out.of-n.- (OOF) or lossot~ condition in dowDsIrnm
JIdtipIexers. This eonespouds 10 6e 0 dB SIN rIlio WOM meaase ehannd mute (outage) point in DlOJl PM·
FDM analog DIicrowave rIldia· • 1has,diahal~ radios 8rC c:bIraccr:riud by two tbrcIbolds: tbr:
dlememitnd I~BEll . poiDt to whiob ilal ud iuIcdc::nacc-= fide mqius are mta!IIIf.d cluriDg
eommiuioDiag snd m-sct'Vioo , with .tta1u.Q's)~ md tbe lO-S BElt outage po'iDt [m II baDds-oft'
dynamic fade. envitomneM) for CFM IUd alb~~ ca1cu1atitms and meuurements.

("---e.,,it-te d

St:etion 2.0 oftbis Bulletin addftssed~ questiaD -How much interference can the victim rcccivc:r
tolcratG be~ pctfOmuInce is~~ Altboup~iDtcI'ftRI~ c:ritmi~
provided in Sccdon 2.S for 10l1g.baul ad £bort,.baWllWo8 aIW! disital microwave 1'O\I1e5~ FCC Rules QIt(J

&guUt#0flS inaalt OIl dlk:icDt apea:tUdl miUzltiOft al1Dw uteri to mutuaUy ape 011 lesser criteria. !at example
iJdo shoner rouras into liJW witb low ftde aetfYity. into liQks scheduled for det4mmissicming oru:p~ mel
into older. noisier m.iuo\Ilnrve systr..ms..

~ wbichdcpwlcs the quality (analogliDk noise. dJgitallink BER) and path I'eliability (more
annual 0'llt:aF) impc::rgeptibly to beavily in~ systtmS. &bould DOt impaet upon the user·, stated
pcrformanc::e objectives il ptoper criteria tBilan:d to the victim lime are ostgned

Bit Error Rllte
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(
A secGDd .-etoe tbm oftcII uJIed - "WJIIt perfDnDIaco objcctM(.) should be ........ to my

micmwave UDks or JY*mr - ar-Jy...... die aUowIble,..-e:JCPOI1ft ilalftaeuco JeveIs. A relaxed
tboIt.IIIul (400 laD. lo-Mp) ,,-".99¥A __•., rdIbiIily~ ClqUItina 10 160 MCI.PrI1Iop outIge
(99.999S%1:q). willa:a;t.....ia:adU..........cimiIIr 99,995% objec=tM cHm"blmld ewer I typical
1oQg..... (2)00 laD. SD-bop) IJft:ID(10'~OUII&C. 99.'9993%1bop re1ial>ilitY). 1biI is 1110 Jam to
ScaioD 2.~ - 25 IDf S pWpO allowablepcr~ iDtr'Ztbt1A£; levels iDEO short- 8Dd Joq-blul t.bI1og
micrDwave n:JUIeS~. ~

publislm~ (CIJOoWlyOlDP)objecdwB fbi' JlMIIlldmYt.u*"'"*YJns organizatiom. The .
.

&bown are for a typieal.40 1cm (25 mil lIIIalos ClI" digital mic:mwa"C path. ~(()-R (C.C.l~

~

tITI~Parameter IWleere r.o.s..... - -
Short·~'" m.h:mde 0(77-

S)'8tcm Jength, Ian (mi.) 400 (250) 2.500, (1,500) 6,400 (4.000)
••

Ea~ SYsta':D
.

% 99.995 99.986- 99.99'

End...fDooeDd om:ae. ler:Ivr 1600 4.200· 1600

Per-hop outa2c.. ser:Jvr 160 10· 20

Per-hop wtage,~ 4(6.4) 1.7 (2.')~ 0.5 (O.~)
(II •

Pcr-boD i'lni'.a_ sccIllAYmomh .52- 24 7·

Pcr-boD annual path reliabilitv. % 99.9995-·· ~.m8· 99.99993

ItD abo rdJec:udiD dis 1 dB dJrcIboId~ objective: £or short- aud loag-hauilUlogad dilital
, RCCiVQ'S alike. 0sd8of"'''dttI...Oaadtidl:-.iD) will inaase 160 IDd 20 Jec/yrIbop lI1JtI8e

II) 200and 2S~ inDOIHIrcnitj sIK:It·1IId1aoI-haDl1tDb reIpOdiwly (253 1DCl321eC'1yr1bop iD space
di~cnity 1iDb). But ifa .......IityWlaimp8Ih wu mort GfIlOD--Wng with less thaD 2 seclyrlbop~
eva. 3 em ofthresbold~would maJy ialnuD itJ oompatcd oatlsgC to aa iDconsequemia14 Kdyr.

In partial~ to UWbal patbnuDcc objeedve sboaId be aaiIDod ... r. the follow table romp.-es

••
•••

Not a !ttated perfOrmmee objeeti~ but soaled ll&ing a lO~C (50°f) average snnU1Ll
lelDpC:ratUre.

Loag-baul performance objectives mume only 50% path fade activity (3,200 Ian, 4000 mi).
Very sbDrt-bauI (<400 Jan 1250 nu) outage objectives are often relaxed to 99.999% p«r bop.

Table 4-1 - Annual Outqe Objectives for *Typical 40 km (Z5 mi) Micro1Vave. Link

This table shows thatsys1I::Dll~his CbelDOllt iIdloalcc on per-hop pet'fonnmce objecti..... 1"b.e per­
bop performaace objectm:s for • b1g iDt.erslalC pipeline or common carrier D1icrowa~e sysee.n are moeh~
dc:mlmding, IUd dlus rcquiI'cbigbcr fide margiDs. moro efttctive divcnity scbemes and lower~ leVels
Ibao. for iDstante, lID an:a~ star-eonfiguml 5ysb:Itl of m equal nwnber but with ma%SY fcwc:r 1BDdanlY­
coamc:r.tm bops, even tboueb the f21d.tooead diclta1 b]mk or "U'w dwmd pcnorrDlJ1CC objective II1lI}' be
~. In cbc!hsm;ofabam!!!!fi:!mfrpobjective. 29,'9.92% .nnual path reliability is the per-11oJ' deftu!t
2bi00tivo for ficqumkY resriinntjon pw:po:sw.
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Soction2.SlAfJIa It.pnwiIB!be pcl'-apclIure bueband iDtedc:r=cc (DO.) lcrYd$ iDtoPM-
FDM 1iab makina up 1Iaort.1Dd..,..... ~ t)CtaDs. AImffJt. A oftbit BuUeciA ClObfailUllbe }
CII ratios~ tbc.1DI:R 0""'" c:au:o.mand iduItiou moetiuB Ibaeo~ty objectiva. For
QlIIIditicms DOt covered.by Ib= typiCII ana.~A provides the ccmputali(lft proeedurts.

It is iInportIDt to nOle that..Seotioa 2.51Altat:x A noieClbjedMa are for enJy~ IBd 1oag.bau1
routaI. Por sbona~ (<400 loa 1250 milt tiM ahort..1wa1 CJIbbj~ may be reduced U foUows:

£.. «400"', C lO~( ~:) (_d"to la _

/ 1-.
(4.2.1)

C C
\0 ~.( I;:) (&u'fI.tIe ]- «250 .t) =

1 /-

The above is eonsistcDt with the~ ofMaFobjecams for wry short digital systems.

T ..

The outage time due to multipllh fading in 8 nao-divasity link em be calculated from: :I

, T 10-{c:}o (4.2--2)

where:
T .. IIDIIl OIIQ= time, JClCiOad3
r ::;;: ,...occ::lIrIa!I:lI fiM:tm

To = (tISO)(lx 10') = ~ofthcf'ldescason. s:Q)Dc!s
t = .......w t.empec1laR iD. "F CO ex 91S + 32)

CFM : ~F.M8rJjn(digit&1li:ab)Cll'P_ Margin (anrtlog liDb), dB
I..~Divcnicy ImpcVRiD04t Factor: - 1 for DOft~versity, > 1 for divenrity

One must be cauticacd that the ClOIDpOtile 'ade n:aarp for l diaital radio 1in1c: is a more COIDpIa
~ Ibm the tbc:nna.l fide ausrdD tor- matoCl'lldio 1iIIJcs in that~ G1d spectral m.tortion dreets
are 11'I additional and. ao::epIIble part otthe digital ractio fade JnlIfgiD cdculatioo.

The Tbamal (or flat) Ficlo Mwgin (TFM)

Anicb V.ipo~"Speuc Diwnity~sn>B_n~u", T.clwe41 Jov"",,/, laD. 1975. pp. 103-142-, ttom
Equatiosa 2~iIh 1IDits). NOTE: The elplbou lie bOt applieable fbr pllM under 22.S Icm (l41DUe$).
Private~.ArYidaVipma (BelJ Telephone 1..abonIrari~) 10 Doaald Drwpc:r Campbell (Fedual
Communic:atiODS ComD1is3ion), June 1918.
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Tbc Dispeaai¥e ,IdaMIqia (DFttf)
Tbo ixII:nmI~.QA£ 'ede Mqin (.EIFM or JFM)
The AdjllCGll Ch..M11aIerfeNDe,e :Fad.e Maflin (AIFM). in multiline gynems

. Itstfe'f

These fade .... lie~ to coattitulc~ CoaI~ile Fade Margin (CFM) used 1M pldh
reliability (outage) CODlp1JWiolls. n.C8kulation is giWft as foUows:' _

[
JRI 1#M -!!!!! -~ J «(.2--3)

CPU - -10 los 10 I' .. to to .. 10 so .. 10 10

Thesa~ rademargin ClODlpoDeUb Inde:6Detl at follows:

TFM: 'l'hc:mW F. M.rpt. (dB). TFM is the &1pbnlic di1fcmlcc bce,w6cD.
carrier Icvd lad 1bc: 10" BEll 0\d:I.&C tbrcBhoId for flat UJ -dispa'sivc) t'am;, SiDce
inrede:rence aff'ttU unfaded blSeband noise. TfM (usually )0 dB SIN) is me only fade
nlIl'IiA in malog~ ~

DPM: DispcuiYe FideMIqin (dB), abo to 10"' BBR. DFM., ~-defint.d,. is dc::temlimld by
the l}pCof~the c.fIQ;tjR'IJ~ oftbe CQWI1izabon employed in the IccciYtr.1Dd dle
mulupOlh siaIW's dellY time(~ in manu!~' dua sheets 1(6.3 NICC). DPM
.~tbediPallldio'. robutao.u flO~ (spectrum.distortiDg) f'atb. 1DcrcaIcd
anramadiwiaui..Aoa to""'*1M uaplieude ofJoDger-dd1)'Od multipalh sip.IJs cblt9lOll1d
othcnwiao '..Ka:pCIbIy'" theJiDkIJ DPM may bo n:quiM (>50 <1B link DFM is t suitable
c:riIeriOA).

:ElFM: ExtemallDterfacacz: PIde M-aiD (dB).~ tJDuhoJd dega4ation due to iDtcrfereDce
. fia:n, tatalon (MBA~........ (usaUy 1dB, bat dclpcds OD CPM objoctiw).

1Jl th~ U3WI1~of p&rI&l radio octi8ClCtlk:baond~ (AIFMh mM is simply
IFM.

AIFM: AcI~8D'" IDtafm::ac6 Fade MqiD (dB). Receiver thteshold~ due to
~ &QUI edjaoeat cIsIIIDeI tnDsmitIcn ()D. tile samo pail due to traumiu-s in_s
09IJl system. T&ia is oormally .. ncgligs."ble parametcI' c:lCCept in frequcecy diYa"Sity and 1x N
muldIine systeIDs.

NOTE: The 10') BER threshold ie tho~ ouUp threshold for all disiW microwavo reociva1 ill a
dYDpjcfade wvilClllDall~. factory lIDd fidel TFM. EIFM. AlFM. ad other uon-fadiDg.
tellS with~8l'G~ tk 10--BI!It iD«rvico (naa-disNpti:v~)point. This is valid siD.cc a 1 dB
~in the 1000BliRpaiDt (due to hiJ'berreceiVU'J:lOUe figtJre or intl!tfeteaee) akooceuD at the
10" BEll outap poim.

&ell Communications Rc:sean:.h TR-TSY.()()()1$1..~nveDigitB.I Radio S'Y5I= Crittrill".Issue 1.
Oetol:>er 1989.
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,.. tide~ factor. r. is cak:u1sred using the buic OtItJge equation fhr armosphe:ric mulcipatb
fading: 4

,. = e ( ~) ( 17r10-S

D'

-~(~ r~(f) (~6r10" (-ev)

- .. (f) 1)' .. to-5

DP'

. ~(~)U(~) l)310~ [BlrIftM ]

where:
e - Climate.Temlin Fad« (see~Figure 4-2}5
X = C1ima1e F.aar (sa JDap. Figare4-3)
w ""'- terrain roustmess f

6 ~ w ~ 42 III - .",... lS at or
20 ~ \IV ~ 140 ft - lvaage SO ft

f - ~.Olh

D = path 1eDRtb. laD {miles)

(4.2-4)

Derived &om Equatiofts 3. 4 and. 5 - .AJ'vj(k Vipma. "'SplIce Diwnity~.1H1I$yI16WI Teelm/eal
JOIm'lt2t. Jan. 1975.l'p. 101.141..

Climate-TerniJl Map and Climlte Map~ digitized by Dcm1d Dhlpc:r Campbell. FCC. Januuy 1994. fItIm
cupsde~ byBell LIIlxnJClI)' (AT.tn. See, Letter. J.P RClben5on. AT.t:T. to Dana.Id CampbeU. fCC,
dated 17Febnwy I~

With rapcct co oalw1at.iog cbo~ fecfar .fi'onI • peth profile, w•• minimum of 1S equally~ polma
ahould be IIMCl Private~olla, ArWta Vi.pms (Bell Tck:phooe Labon1orics) to DorWd Dntpc6
CDtpbeJJ (federal. Communica60D9 D"mmi:tltiM). JuDe 197&.. This altcnlale C*1euJation is lJIikrcd to thepIIh
pn:6e.lIDd.~ ie more~ thaD U!Ii!lg fht: we ftotGr'. See~B in Vlgers' ~.per (ab6941) for tm.
altt:rna1e procedure.
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Figurc ....z - Values of01mato-TerraiD Factor, "e"

Fi~re4-3- Values orCWaate Factor, "J:"

Hawaii

· IW'IIU.

c=O.2~ I x,"O.5:l:OamaI
IUld moutainous lIIeIlS

e - I ( x-I: flat pemWtost
tuqdra IIeIIS in we!:t and north
AJAtkI
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It> :: 1.2.l(10~,'2 (i) 10~ •

III 7xlO~ .. ' (*) to" . , "SO 1- [RlI,tI£rA J

fJdc QWJins em both ..,.,.u arc ...equaJ.1IId
s -~ IIDtama separation in me1a'S (ft:ct), ctllltr to ceJ*c.

~ Spaco~ Improyc:aICDt Ftam' (I.) may 1IIIdemtim8te dMftityim~Car small
....spciD,p aad OYer' eIIimIte~ improvement for br~ lDb:nDa spaciDas on "flat hmd" microwave
linlcB.'

Por me purpas.e:a of'dUs Bulicao. average cJimarc Ix - 1]. te;mpcnbire [10°C (S~F)l. -.I II:rnIin
rouglwcss [lSm (SO A)J. conditicm mayusually be l!8I1med This simplifies Ibe outaae time equation 00:

-~
S f D) 10 10

T.. - r-z,te J
1.

.E!!
10 f 1)' 10 JO

1"
[BII~ ]

(4.2-6)

It is teeD ftoJD cbe above oqua&iou tbIt IlOIl-diYCllily multipllh outIp iDaa.1CI5 direQly IS I fu:adion
of tho petllleaJtb cubed (D'). 1'bcn£oIfCt slat di&iIII1~ Qa bo UIUIlIy IDM OUIIIC objectives widt Jess
composite fade marsm(mme~) IIiact the outqe proba1n1i1y or tiding is low.

Since the IDtaIJDJDI.beror~ in O!le year equa1c 31.5 x IfIJ, the emu. petb roIiability is coraputcd

Patlt Ui4W1by (") .. ( 'J oS'" 10
6

- T ) 100
31.5 l< 10~

(4.2·7)

Ue, T.C. and Lin. S.H., WA Model of Space Divenit}' lmproVClDe1)t f« MicrowIIvc £<.actio Apinst
Thermal Nai!e Oatase DaringMuJtipttb Famng",lEEECOllI R~c.• 1988 brt. Con]: on Commrm.•
111M 19&9.
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JIM tH' CFM (JuJt-~) • -10 Iac ( --L) ~e)
5/D)

• -10 101 ( 10;D j) (BiIrlC4r J

(4.5-3)

where:
T
r

D

Space divc:nity~tpltJla suchll~ roJo in increIADi pllludiabillLY. itoftcll sUoWl
higher iu&aftt~ Ie\reJs duJl deJrade (raIace)~ eamposite rade tDarJbl ormany digimlliDb. By~
the non-divasity ou. eqQIIi<m IIIld die space divmity improvement factor equationIi. we IUrivc • the
following equation for the IIDJa1~ ill a sp&O) divcrnity path

t:fIIJI

4ICIO. »4,10""
T,;p • ~)

.1

(l§a.r'fJa J

Note that the iequeDcy tenD bas dis.ppean:d &am the$p&"di~outIse cquetioft and the IDDwtl
outage now .mes as a f1mctioD or !)c.~ cbiJ equation to soln tor rhe required F.M. or
Composite Fade Margin £or a sivm outeptime with ~ace dive:nity siv=:

JiM vr CFM (".n -4tHrdy ) • -5~ ( 2.Sx~7 T " ) (1II4trlc]

. -Sleet 3.SX~~T$l) [&.gIizlt 1
(oU-lO)

Calcul.ItiM ofthe requirrd fadamqiDa far~i1yor~~ity 1mb with tl!e Above equations may
provide improved IJ*IIUm. aciliuciaa (e8iciClDC)') by pemaittiDs higheria~ levels willaow: overly
degnding the required reU.bility fer mmy short aDd dMnity Iinb. For example, iftbe~ fade mqin
(above) is 25 dB. ad tho path oelcuJlItioos \'IiCh DO iDtafcn:uoe show 33 dB. aD intelfenmce 1IMel 7 da IIbove
die VIJue eak:I1IaJJ!d on tileballsotthresbolddeendatlon (by Equation 2.~:~L.~) 'IG]k1 pj(mltJlYld: ..
cause the bop outage to~ objectives. ...A / -r _ _ J.- .-r""¥ 11 " 0 c h tZ .e (

~_--~--. ~$grL l~m~ ~.

Sinoe8dalogradioll arcllOlHC~1eleti"c.the bascblllld noise is ad~,e 8A ..W'" t'nm;m~ (typieaUy -"
per·hop noise plus 13 log N). fading at difftn:ot hops is non-corre1at:d. $0 the QUtagO time (pIObibilIY Of
CW&e) oia digiIB.1 or analog tdo I)'Sttm is cqurvabtt to the sum ofthe owge tilDes (probabilities ofwtage)
oftbe individual hops. WhiJc rhc aboveoutaae and fade JJUttgin ca.1c:ulatioba IJC~ lIPptic:abk to both malog IDd
digital redio~. aDlI10g radio DOi3e buildup poses a more cornpl~ ptOblem. With analog mtans, one must
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COASidcr the overall synan noisa obj«lives iApanlJel with the system reliability (ouDlgc) objcetives. Mcm
ualos Iiab require apific:ent earrfer Jew) iRa'eIses above 1InIbold sv:amMLy just to Iddeve ICtJePlIbIt
bueband sipal-to-DDiae (e.g. >3S dB~ fer 70 dB SIN in the W'OI'lt message cbanne1l:n III PM-FDM 1i:Dk).

4.3 Automatic Transmit Power Control in Digital Links

!sU JnppcIprtioD:

A,,~-iieW«I'AdIptnoc) Trasmitp~ Coa&rol (ATPC) iI.derinble feaJuro of. diPlII1~
radio link that I1ItOIrJatiRIJ, ~aIti tnlamibcr output poM:I' bad oc pMh £admgd~ at tho far-ad
rece.iwr(s). ATPC allows the~ 10 opcnte at less thaD maimum power for most oftho time. Whc:R
£adiRg CODditigas occur. 1nDIIDitpower wiD be iDaeased IS aeedecl ATPC is UJeful for ex.terxIiDs the nre at
tr&DIIIIittot COIIIpOMIltl,~power COU'CIS~ tUzlpIifYinS .ftequeecy coardiDar1on i:IlllODV"'" BraS.
aDowinSlld4itiouI up-fw ptOtectio.a. ad (m.ome rtdiM)~ 1MJIWlim'lm poweroutput (improws
~pin).

If the maximum tna:asmit pmw:r in a ATPC lIDk is Deeded 10r only a sbon period of time.. a ttaasmiJ:
~ Iss than IDIXimummay (ifcrlftIiII. rearieticm are DXt) beused 1Ma intafcrc:oee eaJculatt<:m ce JMde
iDt.o cthecsysttms. ManyyellS of1"IdiQJstatistics hawwrified tbIt fading on dilJCRDt physicll pllbs is oaa.­
anrel8II:d. i.e. the likelihood oCtwo paths in a giYc:D IIR:8 being in 8 deep fade end dtus seusitive to iDa:lrfcn:ncc
simWWleOUS1y is very small Punb«.10 allow (or inevitable deep fading. microwave paths an: designed witll
unfiIded CM'rier~fO.aOise (CIN) IDdcamcr~ (CJI) ratios much greatrJ" t1um those required !or high
quality path perf'ormaDCC. SiDco ticIiaJ is DCI1<Om1ated among Piths. a sbort-ter.;.1 "ower inI:::rease by a path
expaieaciog • dClcp fade wiD DOC nIducc tJle CJl an other p8lbs lD III objectionable !eve:... On aproperly desipod
path. and ODe DOt atreeted by raio oUlqe. ATPC-eqaippcd 1J1II1SDJitb2S will be at IIUIXimumpower for • short
period of timc.~....1bB1IIIIldmtDpoMr is avaUablc wh:D deep fI*! occur. elM. tIm::shold CJN.
lUld C/[ e.aleulaliOD!l into III ATPC lfnJc may USUJDO die«"Maximum TnD:I.m1it PtMer" recei've carrier level.

ATPC bas bem~ jmpJenmted iD FCC Pm 21 common auria" baads for several years. aDd.
UDder FCC ETDodtar 92-9,15: mw permitb:d UDdcr Part 94. Cumn.sly.11ae are two tMX=S ofATPC avlilab1co.
The ~piDg" 1ype iDeraIcs JIWU dB fer dB with a fldc gre8r than a certIJD depth. The "S1rf'PCd"" type
increasw power ill a siDglt _ iO maximum power MIala ....excccda a c:ertain d.eptb. Bc:sidct IipiGc=u.tly
aidiDg Ihe ft'cqueooy~ prooqs. ATPC ebo prcMclcs~er up--fodc O'itrload protcctioD <tu. CO thG
backed-off tnmsmit poM:l'" UDder DDnIIlI1 sigoallevel oooditicms.

Duriag me Q)()ldiiJoaXJD Pltmll.1bc A!PC lila' IDIL1t c:Jc.Iy 11Im that A'Jl>C will be used. Tho trmsmit
powct'3 usociatlCd with III ATPC sn=niDGludcd 011 IbD roantiaation ooti~ 8R~ as follows:

Maximum Transmit Power 1'ba& b......t power th8t will not be Qoeeded at amy \:imc, used for CFM and
path reliability (0\4&80) oomplltati0D8. and f« caloulating tho CJ1 into lID
ATPC system.

Coordinated TI'lID3mit PoW'Ct That traosJ:ait power seJeded by the AlPC syttmr.lic=see 1$ the power to be
usl:ld in oalcu1atiogiD~~ levels into victim ~VOTS.

Nominal Transmit Power That transmit power at or below the coordinalecl power at whicll the system
will operate in normaJ.l.m!edod eonditions.
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~~PSD..(t> -PSDtf) -~powerspectnldemlties oftbeodaired sipal
_the iadaAt.,siaal. iOpedi'fdy. aDd they ere assumed to be DMDMted toUDitypower
and Ct:Iltmld OIl the carrier frequency.

• H{!.) .. H..{(.) lot 8ft FM ftlOtiver with d&4llphasis filtc: IDCi 0\£;)-1 tbr an FM receiver
without de-emphasis filter.

Thewlarimc'ip betar!81 the baseband Stk aDd 1bcCJImioofllD FM~fDM~...cr.involves the IRF
and it is expressed u foIJmw:·

CaCf,.f,)(4B) .. 8lR(JB). IRFCI,.f,)(dB) (A.a)

JUs obscncd that Wbcn tile IllF is cquallO 0 dB. me CII is c:qumdeat to tbG bucbllDd SIR;~.wbc:n the.
IR.F is Dot cqllal to 0 dB, 1he CJ1 is equal to1be buebllDd SIR. actiustcd by the JRF. The S[R is usually
prrJdetenuined based 011 perlbrmmc;e amsidc:ndions or~ mllDdated by rDgWati0D3.

A-6 Carrier-to-Interference Objective~

FCI"apmbasebedlipal~objective SlRo. Cbe cmier·t().intcrfChJo~ ob~ (ClfhJ.fJ
at each frequcmcy seplU"UiGll ( is cWmocI 10 be the CIl ratio pR)Clua:d by tbf; noislcs asebmd~
corresponding to tJm baseband sigDII·to-iJlu:rfiatDte objeeti IS

(C11lvCl,) .. DIll {81R fJ·lRF'(f,-f)) (U"'f..J~ fM fJdlSe.
'_~.4.c ;.I'

f'/Y\ 1't J£b ..."d ., ...
D ,~(<:::e-l S,.~-t.-v""" Ov~rl"',) 0,..

:r...-t.&"'~r/(c'" k~(:)
The iD.terfermce re4uet:ion1Ktor IlU'~ 0 is ~pU1Cd using Equation A-7 in . .

blUebMd signal-to-iDterfeze:nee objeetiv~ SOl., is eomputrsi as follows:

1. S~ (in dB) ~ X [PI dBmD) ~ P (m dBmO)

w~:

x=pe:r-ebamtd load (aYCnF talker power)
p e: per-bop baebaac1 iDIcrrfcr~ power objcl:.tive

1. The per-ehaDnd load is regulaccd by FCC Awe" WlJRegulations §2.203 (sec Section 2.2).

3. The~ bosclbmd noise power objodivc is 250 PWpO (sec Soetion 2.5.2) and may be broken
intotandcm. pct"'hop intc:rt"cnn~pOWM objectiv~ baud ¢D Ute length ,·t.. an4Ie>r the number'
of hops"1'f' of the system.

Eqwllian I, ADne:x 1. llU RocommeodaiiOIl 166.
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a.

~

b. If'-,:.•• it.. tbIlD« equal to 400 Jcm (abort baul). th. ptrr-hop blNbtrad i1ar'&Ieac:e
powerobjective CIA pWpO) if

-.:t (15,250 In I

In anFM-FDM $)'SlIm.the IF fiItBr isdeaip1 SO tIut it does DOt chan8e~ 9hlpe oftbe power apeeb'3l
-.atyoftbodcand.pI Rpifi-ndy. RoMMr, t&o power tpeetnd deDaity of tho~aisul is roclw>od
by this filter whcD the~ NplNtiCD Mcwea the tarrier~ of the detiNd .... _ tho
mt.e:rfc.riDa sipal is ]arp (acij..-tdwnnds). The CIJ. objecti\'e in Equation A-9 embe rHcrivecl to take tM
dfeetofIF fiberiDg mto eeebUDt. Tbis lead! to the folItM'in~ equation:

(ca>t,u,) "" ma: estRo-1RF(J,I,)-s.(j,)) (A·10)
1-.-t.(f..

1Mfactor S/...O is caW 1M 61cet selectivityat the recSytr and it is computed from the power spec:tn} deDSity
.P(f) ofth~ iftterfetiAg sipaJ and the IraD!for blctiOil G(f) ~f the IF filter by dl:Zl foU)'.uWg equation

(A-It)

w~ the integmb arc. taken over the fn"qwncy mltzval that contains at least 99 pac.ent of the power of the

A-S
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EXHIBIT B

Name Affiliation Telephone FAX E-Mail
Bellamy, John ENRON

;Binckes, Jeff COMSAT 301-214-3263 301-214-7226 jeffrey.binckes@comsat.
com

Christiansen, Guy l TA1Globalstar 301-229-9341 301-229-3148
Cooper, Will Cellular Comm Inc 614-523-2412 614-890-2419 I~31.14 J• 552/OJ ('~~ .

/Creath, Roy Union Pacific RR 402-271-2254 402-271-6204 •

/Crowell, Ray COMSAT 301-214-3466 301-214-7226
Gurss, Bob APCO 202-457-7329 202-457-7814
Holiday, Cecily FCC 202-418-0750 202-418-0765

" Hurt, Gerry NTIA 202-482-1655 202-482-4595 GW~1 JI! T ~ N T I A . l) £7 [ ' [-
Janka, John lWlHughes 202-637-2289 202-637-2201

.....-Keller Tom Verner liipfert 202-371-6060 202-371-6279 l~'!.l \ertV Ad ~ .1\.QA"
Kiier, George Alcatel 214-996-2822 214-996-2778
Knight, Bill Alcatel 214-996-2375 214-996-2615

/' ladson, Damon FCC/IB 202-418-0725 202-418-0765 nllJ/)50N l?J.fa. S'oV
/latker, Alex FCC 202-418-0767 202-418-0765 IJL,&TR$-L(P) (lee. <;D v
, Montgomery, Bob CTIA 202-736-3258 202-466-7239 (j

Ng, John Pepco 202-872-2779 202-331-6692
Nguyen, Sam COMSAT 301-214-3265 301-214-7226 sam.nguven@comsat.com
~ahl, John Transfinite 44-181-681- 44-181 -688- 1~@compuserv

1918 5859 e.com I f".('r
j' ,;--....
1-. I

.,.-Price, larry NorlWolk SRR ,JfO.I-5'ltf- IfXJ / JIIYI-,,;1-Z9/J9
.-

Raish, Bob Fletcher Heald 703-812-0480 703-812-0486
,. Reardon, John API 202-434-4129 202-434-4646
, Reed, Mike Burlington NSF 612-298-2611
~ummler, Bill AT&T 908-949-7913 908-949-6832 ~"'::/,..,~/; 0 ~ v.6 . .IU). a"'. ~

Singarajah, Kumar ICO 44-171-728- 44-171-728- v

~ 1297 1174
,.Stokes, Sean UTC 202-872-1289 202-872-1331
, Sullivan, Tom AMSC 703-716-6542 703-758-6111
/Weinreich, Dave COMSAT Labs 301-428-4466 301-428-9287 w e.~" te \01.... et"~· t • .......,..1;. t."-

/White, Sean FCC/OET 202-418-2453 202-418-1944
....Yarberry, Bill ENRON 113 ~ <jJ!i1-~oa~ 713-646-4799 wvarber@enron.com
it/.- ..... c91lu',,--r~ 6\>1983 onf

.,(;J vA->( 6 D€ N!'J '.s (/r(' 20'2 - nJ- C)~(
-

S"AM'; , PHi L. /Jlc~1t",/ ll'f -q,,~ -S'17?- 20/ 't .Qa,j--I'f'7l. t'JSifiAS 84MJ.. AIu:!t,I. <JJ
f ~~y',l ~ Jrev<- Fc-c.. /cJC '/ In ",,-) !/".f - LY-tJ ",.. L .. \.) JI"~-/f/.Y .rJ,f~r~fIr, e~C"'~. ~(./V
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